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Description

FIELD OF THE INVENTION

[0001] The invention relates to a characterization ap-
paratus and a characterization method for characterizing
scintillator material. The invention relates further to a
computer program for controlling the characterization ap-
paratus and to a manufacturing method for manufactur-
ing a detection device for detecting ionizing radiation.

BACKGROUND OF THE INVENTION

[0002] The article "Effect of Electron Traps on Scintil-
lation of Praseodymium Activated Lu3Al5O12 " by W.
Drozdowski et al., IEEE Transactions on Nuclear Sci-
ence, volume 56, number 1, pages 320 to 327 (2009)
discloses a measurement of x-ray excited emission spec-
tra and Cs-137 gamma-ray pulse height spectra in a
range from 78 to 600 K and of thermo luminescence glow
curves.
[0003] The article "Non-resonant X-ray/laser interac-
tion spectroscopy as a method for assessing charge
competition, trapping and luminescence efficiency in
wide band-gap materials" by N. R. J. Poolton et al., Jour-
nal of Luminescence, volume 130, pages 1404 to 1414
(2010) discloses an apparatus for non-resonant x-ray/la-
ser interaction spectroscopy, which comprises an x-ray
source with a shutter and a pulsed laser diode module.
[0004] In positron emission tomography (PET) imaging
systems scintillator materials are used, in order to emit
visible or ultraviolet (UV) light after excitation by 511 keV
gamma quanta with high photon gain, good energy res-
olution, fast signal decay and fast signal rise. Known scin-
tillator materials, which generally fulfill these properties,
are, for instance, bismuth germanate (BGO), cadmium
tungstate (CWO), lutetium orthosilicate (LSO), LSO mod-
ified by 10 percent of yttrium instead of lutetium (LYSO)
and gadolinium based garnets like lutetium gadolinium
gallium aluminum garnets (LGGAG).
[0005] The actual performance of these scintillator ma-
terials depends strongly on the number of electronic de-
fects, i.e. the number of traps, in the scintillator materials.
These traps may be caused by, for instance, contamina-
tion of raw materials, inexact stoichiometry, loss of oxy-
gen or other parts of the respective compounds like gal-
lium, resulting in vacancies, anti-site defects et cetera.
During a PET imaging procedure several thousands of
electrons and holes may be generated after absorption
of the 511 keV gamma quanta, wherein a recombination
of these charge carriers at luminescent sites of the scin-
tillator material should ideally result in a high number of
optical photons, which are emitted within a short time
with a pulse shape defined by a rise time in the range of,
for instance, 100 ps to 2 ns and a decay time of, for ex-
ample, a few tens of nanoseconds and which are detect-
ed by an optical detector of the PET imaging system with-
in an integration time of, for instance, a few hundred na-

noseconds. However, in the presence of electronic de-
fects the charge carriers will be partly trapped at these
defects, giving rise to delayed luminescence or resulting
in a non-luminescent recombination. This can result in a
change in photon gain, a lower energy resolution, a lower
timing performance, i.e. an increased coincidence re-
solving time (CRT), and a deterioration of image quality.
The scintillator material should therefore be character-
ized with respect to its expected performance and only
scintillator materials, which have a desired performance,
should be selected and used for manufacturing a PET
detection device.
[0006] A known characterization technique is based
on a measurement of x-ray afterglow. The scintillator ma-
terial is irradiated with an x-ray pulse having a relative
high radiation dose of up to 1 Gy and then an afterglow
signal is measured, wherein the scintillator material is
characterized based on the measured afterglow signal.
However, this technique requires a measurement of the
afterglow signal over a very large dynamic range, which
might be about six orders of magnitude, and over a very
long time, i.e. up to days, which can render the meas-
urement very laborious.

SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to provide
a characterization apparatus and a characterization
method for characterizing scintillator material, which al-
lows for a less laborious characterization of the scintillator
material. It is a further object of the present invention to
provide a computer program for controlling the charac-
terization apparatus and to provide a manufacturing
method for manufacturing a detection device for detect-
ing ionizing radiation.
[0008] In a first aspect of the present invention a char-
acterization apparatus for characterizing scintillator ma-
terial with respect to performance is presented, wherein
the characterization apparatus comprises:

- a first radiation source for irradiating the scintillator
material with first radiation having a wavelength be-
ing smaller than 450 nm,

- a second radiation source for irradiating the scintil-
lator material with pulsed second radiation having a
wavelength being larger than 600 nm and having a
pulse duration being equal to or smaller than 50 s,
and

- a control unit (15) for controlling the components of
the apparatus such that the scintillator material (3)
is irradiated with the second radiation (5) after it has
been irradiated with the first radiation (4),

- a detection device for detecting third radiation from
the scintillator material during and/or after the irradi-
ation by the second radiation, which is usable as an
indicator for an amount of traps, which trap charge
carriers, in order to allow for a characterization of the
scintillator material based on the detected third ra-
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diation.

[0009] In the characterization apparatus according to
the invention, the detection device is adapted to generate
a detection signal depending on the detected third radi-
ation, wherein the characterization apparatus further
comprises a calculation unit for integrating the detection
signal, in order to allow for a characterization of the scin-
tillator material based on the integrated detection signal.
The integrated detection signal can be regarded as being
an indicator for the amount of released charge carriers
and thus for the adverse effect of the electronic defects
on the luminescence. The integrated detection signal is
therefore very suitable for characterizing the scintillator
material.
[0010] Due to the irradiation of the scintillator material
with the first radiation having a wavelength being smaller
than 450 nm electrons may be generated in the conduc-
tion band and holes may be generated in the valence
band. A larger part of these charge carriers may recom-
bine at luminescent sites of the scintillator material and
may generate thereby luminescent radiation. However,
some charge carriers may be trapped at electronic de-
fects of the scintillator material. By irradiating the scintil-
lator material with the second radiation having a wave-
length being larger than 600 nm, these trapped charge
carriers may be released into the conduction band or the
valence band, respectively, where they move, and the
released charge carriers may generate luminescent ra-
diation at the luminescent sites of the scintillator material.
This luminescent radiation, which may be regarded as
being photostimulated luminescence (PSL), can be the
third radiation which is detected by the detection device.
[0011] Since the third radiation depends on the amount
of charge carriers trapped at the electronic defects of the
scintillator material, the third radiation can be used as an
indicator for the amount of electronic defects, which trap
charge carriers, and hence for characterizing the scintil-
lator material. Moreover, since, in comparison to the af-
terglow based characterization, for measuring the third
PSL radiation a smaller dynamic measurement range
and much less measurement time is required, the char-
acterization can be simpler and less laborious.
[0012] Since the pulsed second radiation has a rela-
tively short pulse duration being equal to or smaller than
50 s, heating up the scintillator material due to the irra-
diation by the second radiation and accompanying ther-
mal effects, which can reduce the quality of the optical
detection of the third radiation, can be reduced. This can
lead to a further improved characterization of the scintil-
lator material.
[0013] The characterization apparatus is preferentially
adapted to characterize a PET scintillator material, a sin-
gle photon emission computed tomography (SPECT)
scintillator material and/or a computed tomography (CT)
scintillator material. Moreover, the characterization ap-
paratus is preferentially adapted to characterize a scin-
tillator material comprising BGO and/or CWO and/or LSO

and/or LYSO and/or a gadolinium based garnet.
[0014] The scintillator material, which is characterized
by the characterization apparatus, can be a final scintil-
lator like a final scintillator stick, which should be used in
a detection device for detecting ionizing radiation. How-
ever, the scintillator material can also be a starting ma-
terial, i.e. a raw powder material, which is used for pro-
ducing the final scintillator, or the scintillator material can
be an intermediate product which, with respect to the
production process for producing the final scintillator, is
arranged between the starting material and the final scin-
tillator, wherein the intermediate product might be an in-
got.
[0015] The second radiation source is preferentially a
light emitting diode or a laser. It is preferentially adapted
to emit red light having a wavelength being larger than
600 nm or to emit infrared light. The second radiation
source may be adapted to irradiate the scintillator mate-
rial with a single second radiation pulse or with several
second radiation pulses. The first radiation source is pref-
erentially adapted to irradiate the scintillator material with
ionizing radiation, especially with x-rays and/or ionizing
UV radiation and/or gamma rays as the first radiation.
However, in an embodiment the first radiation source
may be adapted to irradiate the scintillator material with
non-ionizing UV radiation or visible radiation having a
wavelength being smaller than 450 nm. Also the first ra-
diation source is preferentially adapted to irradiate the
scintillator material with pulsed radiation.
[0016] In an embodiment the second radiation source
is adapted to irradiate the scintillator material, after the
scintillator material has been irradiated with the first ra-
diation, firstly with second radiation having a first wave-
length being larger than 600 nm and then with second
radiation having a second wavelength, wherein the sec-
ond wavelength is smaller than the first wavelength.
Thus, firstly, after the scintillator material has been irra-
diated with the first radiation, the scintillator material can
be irradiated with one or several pulses having a first
wavelength, wherein the third radiation is detected during
and/or after the irradiation by the pulsed second radiation
having the first wavelength. Then the scintillator material
can be irradiated with one or several further second ra-
diation pulses having a second wavelength, wherein the
second wavelength is smaller than the first wavelength
and wherein during and/or after the irradiation by the one
or several further second radiation pulses the third radi-
ation is detected. This irradiation and detection proce-
dure can be continued with further second radiation puls-
es having smaller wavelengths, i.e. the scintillator mate-
rial can be irradiated with one or several second radiation
pulses having a first wavelength, then the scintillator ma-
terial can be irradiated with one or several second radi-
ation pulses having a second wavelength, followed by
irradiating the scintillator material with one or several sec-
ond radiation pulses having a third wavelength, et cetera,
wherein the wavelengths decrease, i.e. the second wave-
length is smaller than the first wavelength, the third wave-
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length is smaller than the second wavelength, et cetera.
This allows detecting the third radiation depending on
the wavelength of the pulsed second radiation, which in
turn allows for a discrimination of charge carrier traps at
different energy levels. The first wavelength is larger than
600 nm. One or several of the further wavelengths, i.e.,
for instance, the second wavelength, can also be larger
than 600 nm or they can be equal to or smaller than 600
nm.
[0017] If the scintillator material is irradiated with dif-
ferent second radiation pulses having different, decreas-
ing wavelengths, the third radiation for a certain second
radiation pulse may be detected during the irradiation by
the second radiation pulse and/or after the irradiation by
the second radiation pulse and before a following irradi-
ation by a next second radiation pulse, which may have
the same wavelength as the previous second radiation
pulse or which may have a smaller wavelength.
[0018] In order to provide several second radiation
pulses having different wavelengths, the second radia-
tion source may comprise several sub-radiation sources
having different wavelengths. However, the second ra-
diation source can also be a single radiation source being
able to provide different wavelengths, in order to irradiate
the scintillator material with second radiation pulses hav-
ing different wavelengths. Also if the second radiation
source provides several second radiation pulses having
different wavelengths, the second radiation pulses have
a pulse duration being equal to or smaller than 50 s.
[0019] The scintillator material generates lumines-
cence having a luminescence wavelength when irradiat-
ed with ionizing radiation, wherein the detection device
is preferentially adapted to detect radiation having the
luminescence wavelength. In particular, the detection de-
vice comprises a wavelength filter being adapted to allow
light having the luminescence wavelength to pass the
wavelength filter and a photodetector for detecting the
filtered light. Using this wavelength filter improves the
accuracy of detecting the third radiation, which in turn
can lead to a further improved characterization of the
scintillator material.
[0020] In an embodiment the characterization appara-
tus is adapted such that the temporal distance between
a termination of the irradiation of the scintillator material
with the first radiation and a beginning of the irradiation
of the scintillator material with the second radiation is
equal to or smaller than 500 s, further preferred smaller
than 100 s. Moreover, this temporal distance may be larg-
er than 60 s. Thus, the third radiation can be detected
very fast after the illumination by the first radiation has
been stopped, which can lead to a relatively short char-
acterization time.
[0021] In a further aspect of the present invention a
characterization method for characterizing scintillator
material with respect to performance is presented,
wherein the characterization method comprises:

- irradiating the scintillator material with first radiation

having a wavelength being smaller than 450 nm,
- irradiating the scintillator material with pulsed sec-

ond radiation having a wavelength being larger than
600 nm and having a pulse duration being equal to
or smaller than 50 s, after the scintillator material has
been irradiated with the first radiation,

- detecting third radiation from the scintillator material
during and/or after the irradiation with the second
radiation, which is usable as an indicator for an
amount of traps, which trap charge carriers, in order
to allow for a characterization of the scintillator ma-
terial based on the detected third radiation,

- generating a detection signal depending on the de-
tected third radiation,

- integrating the detection signal and generating an
integration value in order to allow for a characteriza-
tion of the scintillator material by estimating the
amount of traps based on the integrated detection
signal.

[0022] In another aspect of the present invention a
manufacturing method for manufacturing a detection de-
vice for detecting ionizing radiation is presented, wherein
the manufacturing method comprises:

- providing scintillator material which generates lumi-
nescence when irradiated with ionizing radiation and
providing a detector for detecting the luminescence,

- characterizing the scintillator material by performing
the characterization method as defined in claim 12,

- selecting scintillator material to be used for manu-
facturing the detection device based on the charac-
terization,

- manufacturing the detection device based on the se-
lected scintillator material and the provided detector.

[0023] In a further aspect of the present invention a
computer program for controlling a characterization ap-
paratus as defined in claim 1 is presented, wherein the
computer program comprises program code means for
causing the characterization apparatus to carry out the
steps of the characterization method as defined in claim
12, when the computer program is run on a computer
controlling the characterization apparatus.
[0024] It shall be understood that the characterization
apparatus of claim 1, the characterization method of
claim 11, the manufacturing method of claim 12, and the
computer program of claim 13 have similar and/or iden-
tical preferred embodiments, in particular, as defined in
the dependent claims.
[0025] It shall be understood that a preferred embod-
iment of the present invention can also be any combina-
tion of the dependent claims or above embodiments with
the respective independent claim.
[0026] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] In the following drawings:

Fig. 1 shows schematically and exemplarily an em-
bodiment of a characterization apparatus for char-
acterizing scintillator material,
Fig. 2 shows a flowchart exemplarily illustrating an
embodiment of a characterization method for char-
acterizing scintillator material,
Fig. 3 shows a flowchart exemplarily illustrating an
embodiment of a manufacturing method for manu-
facturing a detection device for detecting ionizing ra-
diation, and
Fig. 4 illustrates differences in the sensitivity of an
afterglow based characterization technique and the
sensitivity of a PSL based characterization tech-
nique.

DETAILED DESCRIPTION OF EMBODIMENTS

[0028] Fig. 1 shows schematically and exemplarily an
embodiment of a characterization apparatus for charac-
terizing scintillator material. The characterization appa-
ratus 1 comprises a first radiation source 2 for irradiating
the scintillator material 3 with ionizing first radiation 4
which might be, for instance, x-rays, UV radiation or gam-
ma radiation. Preferentially, the first radiation source 2
is adapted to irradiate the scintillator material 3 with a
radiation pulse. The radiation pulse can have a pulse
duration of a few seconds, i.e., for instance, within a range
of 1 s to 30 s, if the ionizing first radiation is gamma ra-
diation or x-radiation, and within a range of a second to
some minutes, i.e., for instance, in the range of 1 s to 10
min, if the ionizing first radiation is UV radiation.
[0029] The characterization apparatus 1 further com-
prises a second radiation source 5 for irradiating the scin-
tillator material 3 with second radiation 6 having a wave-
length being larger than 600 nm, after the scintillator ma-
terial 3 has been irradiated with the first radiation 4. Thus,
while the first radiation source 2 irradiates the scintillator
material 3 with the first radiation 4, the second radiation
source 5 does not irradiate the scintillator material 3 with
the second radiation 6. The scintillator material 3 is only
irradiated with the second radiation 6, after the irradiation
with the first radiation 4 has been completed. In this em-
bodiment, the second radiation source 5 is a light emitting
diode or an infrared laser, which is adapted to provide
pulsed radiation as the second radiation. The pulsed ra-
diation has a duration being equal to or smaller than 50
s. In particular, the pulse duration is preferentially smaller
than 40 s, further preferred smaller than 20 s and even
further preferred smaller than 10 s.
[0030] The characterization apparatus 1 also compris-
es a detection device 9 for detecting third radiation 12
from the scintillator material 3 during and after the irra-
diation by the second radiation pulse 6, in order to allow
for a characterization of the scintillator material 3 based

on the detected third radiation 12.
[0031] The scintillator material 3 generates lumines-
cence having a luminescence wavelength when irradiat-
ed with ionizing radiation. Such luminescence having the
luminescence wavelength can also be generated, if
charge carriers trapped at electronic defects within the
scintillator material 3 are released in the conduction band
or valence band, respectively, because the released
charge carriers can then move and generate the lumi-
nescence at luminescent sites of the scintillator material.
The luminescent sites are preferentially formed by cerium
ions (Ce3+). However, the scintillator material can also
comprise other luminescent sites like other rare earth
ions, for instance, praseodymium ions (Pr3+), europium
ions (Eu3+ or Eu2+), terbium ions (Tb3+) et cetera. The
scintillator can also comprise non-rare-earth ions as lu-
minescent sites like thallium ions (Tl+), bismut ions (Bi3+)
et cetera.
[0032] The charge carriers are released from the traps
by using the second radiation pulse 6, wherein the re-
sulting luminescence, i.e. the third radiation 12, is detect-
ed by the detection device 9. In order to improve the
accuracy of detecting the luminescence, the detection
device 9 comprises a wavelength filter being adapted to
allow light having the luminescence wavelength to pass
the wavelength filter 7 and a photodetector 8 for detecting
the filtered third radiation 12.
[0033] The characterization apparatus 1 is adapted
such that the temporal distance between a termination
of the irradiation of the scintillator material 3 with the first
radiation 4 and a beginning of the irradiation of the scin-
tillator material 3 with the second radiation 6 is equal to
or smaller than 10 s. Thus, the second radiation pulse,
which might be an infrared pulse, can be applied right
after the excitation by the first radiation pulse such that
the whole measurement may be done within a few sec-
onds or minutes. An infrared irradiation dose which is
equivalent to a number of photons absorbed per cm3 of
scintillator material within a range of 1016 to 1021, espe-
cially within a range of 1016 to 1019, may be used.
[0034] The photodetector 8 is adapted to generate a
detection signal depending on the detected third radiation
12, wherein the characterization apparatus 1 further com-
prises a calculation unit 10 for integrating the detection
signal, in order to allow for a characterization of the scin-
tillator material based on the integrated detection signal.
The integration may lead to an integration value, which
can be shown on an output unit 11 like a display.
[0035] The scintillator material, which is characterized
by the characterization apparatus 1, is preferentially a
PET scintillator material, a SPECT scintillator material or
a CT scintillator material. In particular, the scintillator ma-
terial comprises BGO, CWO, LSO, LYSO or a gadolinium
based garnet like a gadolinium aluminum garnet
(Gd3Al5O12, GdAG), a gadolinium gallium aluminum gar-
net (Gd3Ga5-xAlxO12, GdGAG), an yttrium gadolinium
gallium aluminum garnet (Y3-xGdxGa5-yAlyO12, YGGAG)
or a terbium gadolinium gallium aluminum garnet
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(Tb3-xGdxGa5-yAlyO12, TbGGAG). However, the scintil-
lator material can also comprise another garnet like a
lutetium aluminum garnet (Lu3Al5O12, LuAG), a lutetium
gallium aluminum garnet (Lu3Ga5-xAlxO12, LuGAG), an
yttrium aluminum garnet (Y3Al5O12, YAG) or a terbium
aluminum garnet (Tb3Al5O12, TbAG). The scintillator ma-
terial can also comprise a chemical mixture of at least
two of the mentioned garnets, i.e. solid solutions.
[0036] In the following an embodiment of a character-
ization method for characterizing scintillator material will
exemplarily be described with reference to a flowchart
shown in Fig. 2.
[0037] In step 101 the scintillator material 3 is irradiated
with ionizing first radiation 4. In step 102, after the irra-
diation with the first radiation 4 has been stopped, the
scintillator material 3 is irradiated with the second radia-
tion 6 having a wavelength being larger than 600 nm and
third radiation 12, i.e. the photostimulated luminescence,
from the scintillator material 3 is detected during and after
the irradiation with the second radiation 6. In particular,
a detection signal is generated in step 102, which is in-
dicative of the third radiation 12 from the scintillator ma-
terial 3. In step 103 the generated detection signal is in-
tegrated, thereby generating an integration value, which
is shown on the output unit 11 in step 104. A user may
select suitable scintillator materials based on this inte-
gration value.
[0038] The characterization apparatus 1 preferentially
further comprises a control unit 15 for controlling the dif-
ferent components of the characterization apparatus 1
in accordance with the characterization method. Howev-
er, in another embodiment the characterization appara-
tus may also be at least partly manually controlled.
[0039] In the following an embodiment of a manufac-
turing method for manufacturing a detection device for
detecting ionizing radiation will exemplarily be described
with reference to a flowchart shown in Fig. 3.
[0040] In step 201 scintillator material is provided,
which generates luminescence when irradiated with ion-
izing radiation. Moreover, in step 201 a detector for de-
tecting the luminescence is provided. In step 202 the scin-
tillator material is characterized as described above with
reference to Fig. 2, i.e. integration values are determined
for the scintillator material. In step 203 it is decided which
scintillator material should be used for manufacturing the
detection device based on the determined respective in-
tegration value. For instance, if a respective integration
value is smaller than a predefined threshold, the respec-
tive scintillator material may be selected for being used
for manufacturing the detection device. If the respective
integration value is larger than this predefined threshold,
the respective scintillator material may not be used for
manufacturing the detection device. In step 204 the de-
tection device is manufactured based on the selected
scintillator material and the provided detector.
[0041] The wavelength of the second radiation can be
chosen according to the expected energetic depths of
the electronic defects so that the detrapping of charge

carriers is done effectively. Moreover, this wavelength
may be chosen such that a generation of direct lumines-
cence, i.e. a luminescence not generated by the charge
carriers released from the electronic defects, does not
take place. Especially for these reasons the wavelength
of the second radiation is larger than 600 nm and pref-
erentially larger than 650 nm.
[0042] The known characterization technique, which
has been described in the beginning and which is based
on the measurement of the x-ray afterglow, is very limited,
especially because charge carriers from relatively deep
traps cannot be released in a reasonable time. In con-
trast, the PSL-based characterization technique, which
is described above with reference to Figs. 1 and 2, allows
for a fast and less laborious determination of a total
number of trapped charge carriers, also including charge
carrier trapped in relatively deep traps.
[0043] Fig. 4 exemplarily illustrates differences in the
sensitivity of the afterglow based characterization tech-
nique and the sensitivity of the PSL based characteriza-
tion technique.
[0044] In Fig. 4 I denotes the normalized intensity and
t denotes the time in seconds. Three different graphs 12,
13, 14 are shown, which correspond to three different
GdGaG samples. The arrow 16 indicates the afterglow,
after the respective GdGaG sample has been irradiated
with UV radiation, and the arrow 17 indicates the PSL,
after the respective GdGaG sample has been irradiated
with an infrared pulse. The afterglow 16, i.e. the decaying
signal, is measured during a time span of 300 s. This
measurement is done by using a sensitive photomultiplier
tube (PMT). The afterglow detection signal is very low
after a few hundred seconds so that this measurement
method is limited. After excitation by the infrared light
pulse, however, the charge carriers that have been
trapped in deep traps and that have not yet been ther-
mally excited are released and can easily be measured
as PSL 17. The PSL technique is therefore much more
sensitive than the afterglow technique.
[0045] The characterization apparatus and the char-
acterization method may be adapted for selecting scin-
tillator crystals or ceramics, especially for PET, SPECT
or CT imaging. Moreover, the characterization apparatus
and the characterization method may be used for select-
ing scintillator crystals or ceramics for combined imaging
system like imaging systems combining a) PET or
SPECT imaging with b) CT or magnetic resonance (MR)
or ultrasound (US) imaging.
[0046] The scintillator material, which is characterized
by using the characterization apparatus and the charac-
terization method, can include scintillator sticks, i.e. final
scintillators, which are used for manufacturing a detec-
tion device for detecting ionizing radiation. However, the
scintillator material can also include test structures which
have been made from scintillator raw material under pro-
duction conditions which will also be used for producing
the final scintillators. The test structures might be, for
instance, discs, which might have a thickness within a
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range of hundred micrometers to few millimeters, i.e., for
instance, within a range of 100 mm to 10 mm. The scin-
tillator material, which is characterized, might also be
scintillator powder which might be produced from the
scintillator raw material, wherein the scintillator raw ma-
terial may include oxide powders of, for instance, lute-
tium, gadolinium, gallium, aluminum et cetera. Also the
respective scintillator raw material itself may be charac-
terized by the characterization apparatus and the char-
acterization method, in order to determine whether this
scintillator raw material should be used for producing the
final scintillators.
[0047] The second radiation source may be adapted
to irradiate an arbitrary side of the scintillator material,
i.e., for instance, of a scintillator material sample actually
being characterized. Moreover, the detection device of
the characterization apparatus is preferentially in optical
contact with the scintillator material, either directly or via,
for instance, an optical fiber or an optical coupling liquid
that transmits the third radiation from the scintillator ma-
terial to the photodetector of the detection device. The
photodetector may comprise a silicon diode, a PMT or a
silicon photomultiplier (SiPM).
[0048] Although in above described embodiments the
scintillator material has been irradiated with ionizing first
radiation, in other embodiments the scintillator material
can also be irradiated with non-ionizing first radiation like
non-ionizing UV radiation or visible radiation having a
wavelength being smaller than 450 nm. If the first radia-
tion is non-ionizing UV radiation or visible light with a
wavelength being smaller than 450 nm, a respective ra-
diation pulse may be generated having a pulse duration
within a range of a second to some minutes, i.e., for in-
stance, in the range of 1 s to 10 min.
[0049] Although in above described embodiments the
second radiation source irradiates the scintillator material
with pulsed second radiation having a certain wavelength
being larger than 600 nm, in other embodiments the sec-
ond radiation source can irradiate the scintillator material
with different second radiation pulses having different
wavelengths, wherein the wavelengths of consecutive
second radiation pulses are the same or decrease. In
particular, the scintillator material may be irradiated with
a second radiation pulse having a first wavelength, then
with a second radiation pulse having a second wave-
length, followed by a second radiation pulse having a
third wavelength, et cetera, wherein the wavelengths de-
crease, i.e. the second wavelength is smaller than the
first wavelength, the third wavelength is smaller than the
second wavelength, et cetera. The first wavelength is
larger than 600 nm, whereas one, several or all of the
further wavelengths can be equal to or smaller than 600
nm. However, it is also possible that all further wave-
lengths are larger than 600 nm.
[0050] During and/or after the irradiation of the scintil-
lator material with a second radiation pulse having a cer-
tain wavelength, the third radiation is detected, wherein
this detection of the third radiation for this certain wave-

length of a second radiation pulse is performed before
irradiating the scintillator material with a next second ra-
diation pulse having another, smaller wavelength. In this
way the third radiation can be detected depending on the
wavelength of the second radiation pulses. For instance,
for each wavelength a detection signal can be generated
depending on the detected third radiation and the detec-
tion signal can be integrated, wherein the integrated de-
tection signal determined for a certain wavelength can
be used for estimating the number of charge carriers re-
leased from the traps by using the respective wavelength
of the second radiation. This allows for an estimation of
the number of traps at different energy levels.
[0051] The second radiation source can comprise sev-
eral sub-radiation sources for providing the different
wavelengths. Thus, information about the depths of the
traps can be obtained by using several sub-radiation
sources and by operating them sequentially with de-
creasing wavelengths, i.e. with increasing photon ener-
gy. If the photon energy is too small, i.e. smaller than the
energy difference needed for promoting trapped charge
carriers optically to the conduction band or the valance
band, respectively, the trapped charge carriers cannot
be promoted to the conduction band or the valance band,
respectively, as the traps are too deep and no detection
signal is obtained. With increasing photon energy the
depths of the traps, from which charge carriers can be
promoted to the conduction band or the valance band,
respectively, increases. This enables a discrimination of
traps at different energy levels, provided that sequentially
sub-radiation sources with decreasing wavelengths are
being used as traps that are emptied by radiation with
low photon energy will also be emptied by photons with
higher energy.
[0052] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
[0053] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality.
[0054] A single unit or device may fulfill the functions
of several items recited in the claims. The mere fact that
certain measures are recited in mutually different de-
pendent claims does not indicate that a combination of
these measures cannot be used to advantage.
[0055] Procedures like the calculation of the integra-
tion value and the control of the characterization appa-
ratus in accordance with the characterization method can
be implemented as program code means of a computer
program and/or as dedicated hardware.
[0056] A computer program may be stored/distributed
on a suitable medium, such as an optical storage medium
or a solid-state medium, supplied together with or as part
of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems.
[0057] Any reference signs in the claims should not be
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construed as limiting the scope.
[0058] The invention relates to a characterization ap-
paratus for characterizing scintillator material especially
for a PET detector. A first radiation source irradiates the
scintillator material with first radiation having a wave-
length being smaller than 450 nm. Then, a second radi-
ation source irradiates the scintillator material with pulsed
second radiation having a wavelength being larger than
600 nm and having a pulse duration being equal to or
smaller than 50 s, wherein a detection device detects
third radiation from the scintillator material during and/or
after the irradiation by the second radiation. The third
radiation depends on the amount of charge carriers
trapped at electronic defects of the scintillator material
such that it can be used as an indicator for the amount
of electronic defects and hence for characterizing the
scintillator material. This characterization can be per-
formed relatively fast and in a relatively simple way.

Claims

1. A characterization apparatus for characterizing scin-
tillator material (3) with respect to performance, the
characterization apparatus (1) comprising:

- a first radiation source (2) for irradiating the
scintillator material (3) with first radiation (4) hav-
ing a wavelength being smaller than 450 nm,
- a second radiation source (5) for irradiating the
scintillator material (3) with pulsed second radi-
ation (6) having a wavelength being larger than
600 nm and having a pulse duration being equal
to or smaller than 50 s,
- a control unit (15) for controlling the compo-
nents of the apparatus such that the scintillator
material (3) is irradiated with the second radia-
tion (5) after it has been irradiated with the first
radiation (4),
- a detection device (9) for detecting third radi-
ation (12) from the scintillator material (3) during
and/or after the irradiation by the second radia-
tion (6), which is usable as an indicator for an
amount of traps, which trap charge carriers, in
order to allow for a characterization of the scin-
tillator material (3) based on the detected third
radiation (12), wherein the detection device (9)
is adapted to generate a detection signal de-
pending on the detected third radiation (12),

and wherein the characterization apparatus (1) fur-
ther comprises:

- a calculation unit (10) for integrating the detec-
tion signal, in order to allow for a characterization
of the scintillator material (3) by estimating the
amount of traps based on the integrated detec-
tion signal.

2. The characterization apparatus as defined in claim
1, wherein the first radiation source (2) is adapted to
irradiate the scintillator material (3) with ionizing ra-
diation.

3. The characterization apparatus as defined in claim
1, wherein the first radiation source (2) is adapted to
irradiate the scintillator material (3) with x-rays and/or
ultraviolet radiation and/or gamma rays as the first
radiation (4).

4. The characterization apparatus as defined in claim
1, wherein the first radiation source (2) is adapted to
irradiate the scintillator material (3) with non-ionizing
UV radiation or visible radiation having a wavelength
being smaller than 450 nm.

5. The characterization apparatus as defined in claim
1, wherein the second radiation source (5) is adapted
to irradiate the scintillator material (3), after the scin-
tillator material (3) has been irradiated with the first
radiation (4), firstly with second radiation having a
first wavelength being larger than 600 nm and then
with second radiation having a second wavelength,
wherein the second wavelength is smaller than the
first wavelength.

6. The characterization apparatus as defined in claim
1, wherein the scintillator material (3) generates lu-
minescence having a luminescence wavelength
when irradiated with ionizing radiation, wherein the
detection device (9) is adapted to detect radiation
having the luminescence wavelength.

7. The characterization apparatus as defined in claim
6, wherein the detection device (9) comprises a
wavelength filter (7) being adapted to allow light (12)
having the luminescence wavelength to pass the
wavelength filter (7) and a photodetector (8) for de-
tecting the filtered light.

8. The characterization apparatus as defined in claim
1, wherein the characterization apparatus (1) is
adapted such that the temporal distance between a
termination of the irradiation of the scintillator mate-
rial (3) with the first radiation (4) and a beginning of
the irradiation of the scintillator material (3) with the
second radiation (6) is equal to or smaller than 500 s.

9. The characterization apparatus as defined in claim
1, wherein the characterization apparatus (1) is
adapted to characterize a positron emission tomog-
raphy scintillator material (3), a single photon emis-
sion computed tomography scintillator material (3)
and/or a computed tomography scintillator material
(3).

10. The characterization apparatus as defined in claim
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1, wherein the characterization apparatus (1) is
adapted to characterize scintillator material (3) com-
prising bismuth germanate and/or cadmium tung-
state and/or lutetium orthosilicate and/or lutetium or-
thosilicate modified by 10 percent of yttrium instead
of lutetium and/or a gadolinium based garnet.

11. A characterization method for characterizing scintil-
lator material (3) with respect to performance, the
characterization method comprising:

- irradiating the scintillator material (3) with first
radiation (4) having a wavelength being smaller
than 450 nm (101),
- irradiating the scintillator material (3) with
pulsed second radiation (6) having a wavelength
being larger than 600 nm and having a pulse
duration being equal to or smaller than 50 s
(102), after the scintillator material (3) has been
irradiated with the first radiation (4),
- detecting third radiation (12) from the scintilla-
tor material (3) during and/or after the irradiation
with the second radiation (6), which is usable as
an indicator for an amount of traps, which trap
charge carriers, in order to allow for a charac-
terization of the scintillator material (3) based on
the detected third radiation (12),
- generating a detection signal depending on the
detected third radiation (102),
- integrating the detection signal and generating
an integration value (103) in order to allow for a
characterization of the scintillator material (3) by
estimating the amount of traps based on the in-
tegrated detection signal.

12. A manufacturing method for manufacturing a detec-
tion device for detecting ionizing radiation, the man-
ufacturing method comprising:

- providing scintillator material (3) which gener-
ates luminescence when irradiated with ionizing
radiation and providing a detector for detecting
the luminescence,
- characterizing the scintillator material (3) by
performing the characterization method as de-
fined in claim 11,
- selecting scintillator material (3) to be used for
manufacturing the detection device (9) based
on the characterization,
- manufacturing the detection device (9) based
on the selected scintillator material (3) and the
provided detector.

13. A computer program for controlling a characteriza-
tion apparatus as defined in claim 1, the computer
program comprising program code means for caus-
ing the characterization apparatus to carry out the
steps of the characterization method as defined in

claim 11, when the computer program is run on a
computer controlling the characterization apparatus.

Patentansprüche

1. Charakterisierungsvorrichtung zur Charakterisie-
rung von Szintillatormaterial (3) in Bezug auf die
Leistung, wobei die Charakterisierungsvorrichtung
(1) umfasst:

- eine erste Strahlungsquelle (2) zum Bestrahlen
des Szintillatormaterials (3) mit erster Strahlung
(4) mit einer Wellenlänge von weniger als 450
nm;
- eine zweite Strahlungsquelle (5) zum Bestrah-
len des Szintillatormaterials (3) mit gepulster
zweiter Strahlung (6) mit einer Wellenlänge grö-
ßer als 600 nm und einer Pulsdauer gleich oder
kleiner als 50 s;
- eine Steuereinheit (15) zum Steuern der Kom-
ponenten der Vorrichtung, so dass das Szintil-
latormaterial (3) mit der zweiten Strahlung (5)
bestrahlt wird, nachdem es mit der ersten Strah-
lung (4) bestrahlt wurde;
- eine Erfassungsvorrichtung (9) zum Erfassen
der dritten Strahlung (12) aus dem Szintillator-
material (3) während und/oder nach der Be-
strahlung durch die zweite Strahlung (6), die als
Indikator für eine Menge von Fallen verwendet
werden kann, die Ladungsträger einfangen, um
eine Charakterisierung des Szintillatormaterials
(3) auf der Basis der detektierten dritten Strah-
lung (12) zu ermöglichen, wobei die Detektions-
vorrichtung (9) angepasst ist, um ein Detekti-
onssignal in Abhängigkeit von der detektierten
dritten Strahlung (12) zu erzeugen,

und wobei die Charakterisierungsvorrichtung (1) fer-
ner umfasst:

- eine Berechnungseinheit (10) zum Integrieren
des Erfassungssignals, um eine Charakterisie-
rung des Szintillatormaterials (3) durch Schät-
zen der Anzahl von Fallen basierend auf dem
integrierten Erfassungssignal zu ermöglichen.

2. Charakterisierungsvorrichtung nach Anspruch 1,
wobei die erste Strahlungsquelle (2) angepasst ist,
um das Szintillatormaterial (3) mit ionisierender
Strahlung zu bestrahlen.

3. Charakterisierungsvorrichtung nach Anspruch 1,
wobei die erste Strahlungsquelle (2) angepasst ist,
um das Szintillatormaterial (3) mit Röntgenstrahlen
und/oder ultravioletter Strahlung und/oder Gamma-
strahlen als erste Strahlung (4) zu bestrahlen.
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4. Charakterisierungsvorrichtung nach Anspruch 1,
wobei die erste Strahlungsquelle (2) angepasst ist,
um das Szintillatormaterial (3) mit nichtionisierender
UV-Strahlung oder sichtbarer Strahlung mit einer
Wellenlänge von weniger als 450 nm zu bestrahlen.

5. Charakterisierungsvorrichtung nach Anspruch 1,
wobei die zweite Strahlungsquelle (5) angepasst ist,
um das Szintillatormaterial (3) zu bestrahlen, nach-
dem das Szintillatormaterial (3) mit der ersten Strah-
lung (4) bestrahlt wurde, zuerst mit der zweiten
Strahlung mit einer ersten Wellenlänge größer als
600 nm und dann mit der zweiten Strahlung mit einer
zweiten Wellenlänge, wobei die zweite Wellenlänge
kleiner als die erste Wellenlänge ist.

6. Charakterisierungsvorrichtung nach Anspruch 1,
wobei das Szintillatormaterial (3) bei Bestrahlung mit
ionisierender Strahlung eine Lumineszenz mit einer
Lumineszenzwellenlänge erzeugt, wobei die Detek-
tionsvorrichtung (9) zur Detektion von Strahlung mit
der Lumineszenzwellenlänge angepasst ist.

7. Charakterisierungsvorrichtung nach Anspruch 6,
wobei die Erfassungsvorrichtung (9) einen Wellen-
längenfilter (7) umfasst, der so angepasst ist, dass
Licht (12) mit der Lumineszenzwellenlänge den Wel-
lenlängenfilter (7) passieren kann, und einen Foto-
detektor (8) zum Erfassen des gefilterten Lichts.

8. Charakterisierungsvorrichtung nach Anspruch 1,
wobei die Charakterisierungsvorrichtung (1) so an-
gepasst ist, dass der zeitliche Abstand zwischen ei-
nem Abbruch der Bestrahlung des Szintillatormate-
rials (3) mit der ersten Strahlung (4) und einem Be-
ginn der Bestrahlung des Szintillatormaterials (3) mit
der zweiten Strahlung (6) ist gleich oder kleiner als
500 s.

9. Charakterisierungsvorrichtung nach Anspruch 1,
wobei die Charakterisierungsvorrichtung (1) zur
Charakterisierung eines Positronenemissionstomo-
graphie-Szintillatormaterials (3), eines Einzelphoto-
nenemissions-Computertomographie-Szintillator-
materials (3) und/oder eines Computertomographie-
Szintillatormaterials (3) angepasst ist.

10. Charakterisierungsvorrichtung nach Anspruch 1,
wobei die Charakterisierungsvorrichtung (1) ange-
passt ist, um Szintillatormaterial (3) zu charakterisie-
ren, das Wismutgermanat und/oder Cadmiumwolf-
ramat und/oder Lutetiumorthosilicat und/oder Lute-
tiumorthosilicat umfasst, das durch 10% Yttrium an-
stelle von Lutetium und/oder Granat auf Gadolinium-
basis modifiziert ist.

11. Charakterisierungsverfahren zur Charakterisierung
des Szintillatormaterials (3) in Bezug auf die Leis-

tung, wobei das Charakterisierungsverfahren um-
fasst:

- Bestrahlen des Szintillatormaterials (3) mit ers-
ter Strahlung (4) mit einer Wellenlänge von we-
niger als 450 nm (101);
- Bestrahlen des Szintillatormaterials (3) mit ge-
pulster zweiter Strahlung (6) mit einer Wellen-
länge von mehr als 600 nm und einer Pulsdauer
von 50 s oder weniger (102) nach Bestrahlung
des Szintillatormaterials (3) mit der ersten Strah-
lung (4),
- Erfassen der dritten Strahlung (12) aus dem
Szintillatormaterial (3) während und/oder nach
der Bestrahlung mit der zweiten Strahlung (6),
die als Indikator für eine Menge von Fallen ver-
wendet werden kann, die Ladungsträger einfan-
gen, um eine Charakterisierung des Szintillator-
materials (3) anhand der detektierten dritten
Strahlung (12) zu ermöglichen,
- Erzeugen eines Erfassungssignals in Abhän-
gigkeit von der erfassten dritten Strahlung (102),
- Integrieren des Detektionssignals und Erzeu-
gen eines Integrationswerts (103), um eine Cha-
rakterisierung des Szintillatormaterials (3) durch
Schätzen der Anzahl von Fallen basierend auf
dem integrierten Detektionssignal zu ermögli-
chen.

12. Herstellungsverfahren zur Herstellung einer Erfas-
sungsvorrichtung zum Erfassen ionisierender Strah-
lung, wobei das Herstellungsverfahren umfasst:

- Bereitstellen von Szintillatormaterial (3), das
bei Bestrahlung mit ionisierender Strahlung Lu-
mineszenz erzeugt, und Bereitstellen eines De-
tektors zum Erfassen der Lumineszenz;
- Charakterisieren des Szintillatormaterials (3)
durch Durchführen des Charakterisierungsver-
fahrens gemäß Anspruch 11,
- Auswahl des Szintillatormaterials (3) zur Her-
stellung der Detektionsvorrichtung (9) auf der
Grundlage der Charakterisierung;
- Herstellung der Detektionsvorrichtung (9) auf
der Grundlage des ausgewählten Szintillator-
materials (3) und des bereitgestellten Detektors.

13. Computerprogramm zum Steuern einer Charakteri-
sierungsvorrichtung gemäß Anspruch 1, wobei das
Computerprogramm Programmcodemittel umfasst,
um die Charakterisierungsvorrichtung dazu zu ver-
anlassen, die Schritte des Charakterisierungsver-
fahrens gemäß Anspruch 11 auszuführen, wenn das
Computerprogramm auf einem Computer ausge-
führt wird, der die Charakterisierungsvorrichtung
steuert.
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Revendications

1. Appareil de caractérisation pour caractériser un ma-
tériau scintillateur (3) par rapport aux performances,
l’appareil de caractérisation (1) comprenant:

- une première source de rayonnement (2) pour
irradier le matériau scintillateur (3) avec un pre-
mier rayonnement (4) ayant une longueur d’on-
de qui est inférieure à 450 nm,
- une deuxième source de rayonnement (5) pour
irradier le matériau scintillateur (3) avec un
deuxième rayonnement puisé (6) ayant une lon-
gueur d’onde qui est supérieure à 600 nm et
ayant une durée d’impulsion qui est égale ou
inférieure à 50 s,
- une unité de commande (15) pour commander
les composants de l’appareil de telle sorte que
le matériau scintillateur (3) soit irradié avec le
second rayonnement (5) après avoir été irradié
avec le premier rayonnement (4),
- un dispositif de détection (9) pour détecter le
troisième rayonnement (12) du matériau scin-
tillateur (3) pendant et/ou après l’irradiation par
le deuxième rayonnement (6), qui peut être uti-
lisé comme indicateur pour une quantité de piè-
ges, qui piègent les porteurs de charge, afin de
permettre une caractérisation du matériau scin-
tillateur (3) sur la base du troisième rayonne-
ment détecté (12), où le dispositif de détection
(9) est adapté pour générer un signal de détec-
tion en fonction du troisième rayonnement dé-
tecté (12),

et où l’appareil de caractérisation (1) comprend en
outre:

- une unité de calcul (10) pour intégrer le signal
de détection, afin de permettre une caractérisa-
tion du matériau scintillateur (3) en estimant la
quantité de pièges sur la base du signal de dé-
tection intégré.

2. Appareil de caractérisation selon la revendication 1,
dans lequel la première source de rayonnement (2)
est adaptée pour irradier le matériau scintillateur (3)
avec un rayonnement ionisant.

3. Appareil de caractérisation selon la revendication 1,
dans lequel la première source de rayonnement (2)
est adaptée pour irradier le matériau scintillateur (3)
avec des rayons X et/ou un rayonnement ultraviolet
et/ou des rayons gamma comme premier rayonne-
ment (4).

4. Appareil de caractérisation selon la revendication 1,
dans lequel la première source de rayonnement (2)
est adaptée pour irradier le matériau scintillateur (3)

avec un rayonnement UV non ionisant ou un rayon-
nement visible ayant une longueur d’onde inférieure
à 450 nm.

5. Appareil de caractérisation selon la revendication 1,
dans lequel la deuxième source de rayonnement (5)
est adaptée pour irradier le matériau scintillateur (3),
après que le matériau scintillateur (3) a été irradié
avec le premier rayonnement (4), tout d’abord avec
un deuxième rayonnement ayant une première lon-
gueur d’onde supérieure à 600 nm et puis un deuxiè-
me rayonnement ayant une deuxième longueur
d’onde, où la deuxième longueur d’onde est inférieu-
re à la première longueur d’onde.

6. Appareil de caractérisation selon la revendication 1,
dans lequel le matériau scintillateur (3) génère une
luminescence ayant une longueur d’onde de lumi-
nescence lorsqu’il est irradié avec un rayonnement
ionisant, où le dispositif de détection (9) est adapté
pour détecter un rayonnement ayant la longueur
d’onde de la luminescence.

7. Appareil de caractérisation selon la revendication 6,
dans lequel le dispositif de détection (9) comprend
un filtre de longueur d’onde (7) qui est adapté pour
permettre à la lumière (12) ayant la longueur d’onde
de la luminescence de passer à traverse le filtre de
longueur d’onde (7) et un photodétecteur (8) pour
détecter la lumière filtrée.

8. Appareil de caractérisation selon la revendication 1,
dans lequel l’appareil de caractérisation (1) est adap-
té de telle sorte que la distance temporelle entre une
fin de l’irradiation du matériau scintillateur (3) avec
le premier rayonnement (4) et un début de l’irradia-
tion du matériau scintillateur (3) avec le deuxième
rayonnement (6) est égal ou inférieur à 500 s.

9. Appareil de caractérisation selon la revendication 1,
dans lequel l’appareil de caractérisation (1) est adap-
té pour caractériser un matériau scintillateur de to-
mographie par émission de positrons (3), un maté-
riau scintillateur de tomographie par émission mo-
nophotonique (3) et/ou un matériau scintillateur de
tomographie par ordinateur (3).

10. Appareil de caractérisation selon la revendication 1,
dans lequel l’appareil de caractérisation (1) est adap-
té pour caractériser un matériau scintillateur (3) com-
prenant du germanate de bismuth et/ou du tungstate
de cadmium et/ou de l’orthosilicate de lutétium et/ou
de l’orthosilicate de lutétium modifié par 10 pourcent
de yttrium au lieu du lutétium et/ou d’un grenat à
base de gadolinium.

11. Procédé de caractérisation pour caractériser le ma-
tériau du scintillateur (3) par rapport aux performan-
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ces, le procédé de caractérisation comprenant:

- irradier le matériau scintillateur (3) avec un pre-
mier rayonnement (4) ayant une longueur d’on-
de qui est inférieure à 450 nm (101),
- irradier le matériau scintillateur (3) avec un
deuxième rayonnement puisé (6) ayant une lon-
gueur d’onde qui est supérieure à 600 nm et
ayant une durée d’impulsion qui est égale ou
inférieure à 50 s (102), après que le matériau
scintillateur (3) a été irradié avec le premier
rayonnement (4),
- détecter le troisième rayonnement (12) du ma-
tériau scintillateur (3) pendant et/ou après l’irra-
diation avec le deuxième rayonnement (6), qui
peut être utilisé comme indicateur pour une
quantité de pièges, qui piègent les porteurs de
charge, afin de permettre une caractérisation du
matériau scintillateur (3) sur la base du troisième
rayonnement détecté (12),
- générer un signal de détection en fonction du
troisième rayonnement détecté (102),
- intégrer le signal de détection et générer une
valeur d’intégration (103) afin de permettre une
caractérisation du matériau scintillateur (3) en
estimant la quantité de pièges sur la base du
signal de détection intégré.

12. Procédé de fabrication pour fabriquer un dispositif
de détection pour détecter un rayonnement ionisant,
le procédé de fabrication comprenant:

- fournir un matériau scintillateur (3) qui génère
une luminescence lorsqu’il est irradié avec un
rayonnement ionisant et fournir un détecteur
pour détecter la luminescence,
- caractériser le matériau scintillateur (3) en ef-
fectuant le procédé de caractérisation tel que
défini dans la revendication 11,
- sélectionner le matériau scintillateur (3) à uti-
liser pour la fabrication du dispositif de détection
(9) sur la base de la caractérisation,
- fabriquer le dispositif de détection (9) sur la
base du matériau scintillateur sélectionné (3) et
du détecteur fourni.

13. Programme informatique pour contrôler un appareil
de caractérisation tel que défini dans la revendica-
tion 1, le programme informatique comprenant des
moyens de code de programme pour amener l’ap-
pareil de caractérisation à exécuter les étapes du
procédé de caractérisation tel que défini dans la re-
vendication 11, lorsque le programme informatique
est exécuté sur un ordinateur commandant l’appareil
de caractérisation.
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